Background/Aims: Magnifying endoscopy with narrow band imaging (ME-NBI) is a useful modality for the detailed visualization of microsurface (MS) and microvascular (MV) structures in the gastrointestinal tract. This study aimed to determine whether the MS and MV patterns in ME-NBI differ according to the histologic type, invasion depth, and mucin phenotype of early gastric cancers (EGCs). Methods: The MS and MV patterns of 160 lesions in 160 patients with EGC who underwent ME-NBI before endoscopic or surgical resection were prospectively collected and analyzed. EGCs were categorized as either differentiated or undifferentiated and as either mucosal or submucosal, and their mucin phenotypes were determined via immunohistochemistry of the tumor specimens. Results: Differentiated tumors mainly displayed an oval and/or tubular MS pattern and a fine network or loop MV pattern, whereas undifferentiated tumors mainly displayed an absent MS pattern and a corkscrew MV pattern. The destructive MS pattern was associated with submucosal invasion, and this association was more prominent in the differentiated tumors than in the undifferentiated tumors. MUC5AC expression was increased in lesions with either a papillary or absent MS pattern and a corkscrew MV pattern, whereas MUC6 expression was increased in lesions with a papillary MS pattern and a loop MV pattern. CD10 expression was more frequent in lesions with a fine network MV pattern. Conclusions: ME-NBI can be useful for predicting the histopathology and mucin phenotype of EGCs. (Gut Liver 2016;10:532-541) 
INTRODUCTION
Magnifying endoscopy (ME) with narrow band imaging (ME-NBI) is a useful modality for detailed visualization of microstructures and microvessels within the superficial layer of the gastric mucosa. Yao et al. 1 first reported unique ME findings based mainly on the subepithelial microvascular (MV) architecture characteristics of differentiated-type early gastric cancers (EGCs). ME-NBI was subsequently reported to be capable of predicting the histological characteristics of EGCs; a fine network or intralobular pattern suggests differentiated-type carcinomas and a corkscrew pattern suggests undifferentiated-type carcinomas. [2] [3] [4] However, these studies had limitations; many lesions had unclassified patterns and the patterns were mainly based on MV structure. Although ME-NBI is useful for predicting the invasion depth of esophageal and colon cancers, [5] [6] [7] [8] its usefulness for determining the depth of gastric cancer have not been clearly elucidated. 9, 10 Recent advances in mucin immunohistochemistry have facilitated the goal of classifying gastric neoplasms according to mucin phenotype. Among the various mucin markers, MUC5AC, MUC2, MUC6, and CD10 are generally used to classify gastric cancers. Several studies have suggested that the type of mucin expressed in early and advanced gastric carcinomas is of clinical significance, alluding to biologic differences in precursor lesions and/or pathways of malignant transformation. [11] [12] [13] [14] In our previous study, the mucin phenotype was significantly correlated with size, depth of invasion, macroscopic type, and histologic type of tumor. 12 Patients with EGC whose tumors had a gastric mucin phenotype survived longer compared to those with an intestinal mucin phenotype. However, despite many investigaThis is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
tions, the clinical validity of the mucin phenotype in gastric cancer remains controversial. 12, [15] [16] [17] [18] Different microsurface (MS) and MV patterns are apparent in ME-NBI of EGCs, and it is possible that different patterns denote different mucin phenotype. However, to date, few studies have addressed this possibility. 19 Therefore, the present study aimed to determine whether the MS and MV patterns in ME-NBI differ according to the histologic type, invasion depth, and mucin phenotype of EGCs.
MATERIALS AND METHODS
Patients
From June 2012 to May 2014, a total of 185 patients with an endoscopic diagnosis of EGC underwent ME-NBI. Of these patients, 25 were excluded from our study for the following reasons: the absence of final histological results because of follow-up loss (n=3), advanced gastric cancer after surgery (n=7), or subpar image quality owing to the patient's noncooperation or severe ulceration with thick exudate (n=15). As a result, a total of 160 EGCs from 160 patients (113 men and 47 women; age range, 31 to 84 years; median age, 61 years) were included in this study. ME-NBI data were prospectively collected and analyzed, with special attention to the MS and MV patterns of each lesion. The study protocol was reviewed and approved by the Institutional Review Board of the Pusan National University Hospital (E-2014136).
ME-NBI
The Evis Lucera Spectrum system (Olympus Co., Tokyo, Japan), comprising a light source (CLV-260SL), a processor (CV-260SL), and a magnifying video endoscope (GIF-H260Z), was used as the video endoscopy system. This system was equipped with both white light and NBI modes, which could be toggled using a button on the control head of the video endoscope. This system can reach zoom magnifications of ×80. To obtain a clear view for ME-NBI, a soft hood (MB-46; Olympus Co.) was fitted on the distal tip of the endoscope to maintain the focal distance. ME-NBI was performed by a single experienced endoscopist (G.H.K.) who had previously performed over 100 ME-NBI examinations. All examinations were performed under conscious sedation with 2 to 5 mg of midazolam. After routine observation, ME-NBI examinations of EGC areas were performed to evaluate the MS and MV patterns. MS patterns were classified as oval and/or tubular, papillary, destructive, or absent, while MV patterns were classified as loop, fine network, or corkscrew ( Fig. 1) . 2, 4, 20 If lesions showed combined MS or MV patterns, the predominant pattern was used for classification.
Histological assessment
Endoscopic submucosal dissection (ESD) or gastrectomy was performed within 2 weeks after ME-NBI. The resected specimens were fixed in 10% buffered formalin. Carcinomas and adjacent nonneoplastic mucosa were serially cut into 2-mm slices in parallel, embedded in paraffin, sectioned, and stained with he- Fig. 1 . Classification of microsurface and microvascular patterns using magnifying endoscopy with narrow band imaging in early gastric cancers.
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Fine network Corkscrew matoxylin and eosin for histological examination. Tumor size, depth of invasion, presence of ulceration, degree of differentiation, and lymphovascular invasion were evaluated microscopically according to the Japanese Classification of Gastric Carcinomas. 21 
Mucin phenotype
Immunohistochemical expression of MUC2 (Ccp58, 1:500; Novocastra Laboratories, Newcastle, UK), MUC5AC (CLH2, 1:500; Novocastra Laboratories), MUC6 (CLH5, 1:500; Novocastra Laboratories), and CD10 (56C6, 1:100; Novocastra Laboratories ) was evaluated in the cancer cells. 22 Briefly, 5-µm-thick consecutive tumor sections were deparaffinized and hydrated through a graded series of alcohol concentrations. Antigen retrieval was performed in 10 mmol/L citrate buffer (pH 6.0) in a microwave oven for 10 minutes, after which endogenous peroxidase activity was inhibited by immersion of the sections in a 3% H 2 O 2 / methanol solution. The sections were incubated with the primary antibodies followed by thorough washing in phosphatebuffered solution. Next, they were incubated successively with biotinylated secondary antibody and avidin-biotinylated horseradish peroxidase complex (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, CA, USA). Antibody binding was visualized using 3,3'-diaminobenzidine tetrachloride as the chromogen, and nuclei were counterstained with Mayer's hematoxylin. Immunostaining was considered positive if ≥10% of the cancer cells were immunoreactive as previously reported. 11, 22 MUC5AC, MUC6, MUC2, and CD10 have been found to be specifically expressed in the gastric foveolar epithelium, pyloric gland cells, goblet cells, and brush border, respectively. 12 Mucin phenotypes were divided into four types, namely, the gastric (Gtype), intestinal (I-type), gastrointestinal (GI-type), and null (Ntype), depending on the expression of gastric mucins (MUC5AC and MUC6) and intestinal mucins (MUC2 and CD10). Gastric cancers in which more than 10% of the section area expressed at least one gastric or intestinal mucin marker were classified as the G-type or I-type, respectively. Gastric cancers that exhibited both gastric and intestinal mucin expression were classified as the GI-type, while those showing neither gastric nor intestinal mucin expression were classified as the N-type.
Statistical analysis
Differences in MS and MV patterns according to histologic type, invasion depth, or mucin phenotype were evaluated using the chi-square test or Fisher exact test. Statistical calculations were performed using the IBM SPSS version 21.0 for Windows (IBM Co., Armonk, NY, USA). Results were considered statistically significant when the p-value was <0.05.
RESULTS 1 Clinicopathologic characteristics of EGCs
Of the 160 EGC lesions examined in this study, 23 were located in the upper third, 78 in the middle third, and 59 in the lower third of the stomach. Macroscopically, the most common lesion shape was the depressed shape (93/160, 58.1%). Sixty-six lesions were treated via ESD, and 110 lesions were treated via surgery. The results of the final histologic assessment in regard to histologic type and invasion depth were as follows: 105 lesions were differentiated-type and 55 were undifferentiatedtype, and 110 lesions were mucosal cancers and 50 were submucosal cancers (Table 1 ). In regard to mucin phenotype, 85 lesions were G-type, 32 were GI-type, 28 were I-type, and 16 were N-type. Data are presented as number (%) or mean (range).
MS and MV patterns of EGCs according to histologic type
MS patterns were analyzed according to histologic type ( Figs  2 and 3) . In differentiated-type EGCs, an oval and/or tubular pattern was observed in 65 lesions (61.9%), a destructive pattern in 22 lesions (21.0%), a papillary pattern in 13 lesions (12.4%), and an absent pattern in five lesions (4.8%) ( Table 2 ). In undifferentiated-type EGCs, an absent MV pattern was observed in 24 lesions (43.6%), an oval and/or tubular pattern in 18 lesions (32.7%), a destructive pattern in 12 lesions (21.8%), and a papillary pattern in one lesion (1.8%). Therefore, the main MS patterns were oval and/or tubular in differentiated-type EGCs and absent in undifferentiated-type EGCs (p<0.001).
MV patterns were also analyzed according to histologic type. In differentiated-type EGCs, a fine network pattern was ob- Table 2 ). In undifferentiated-type EGCs, a corkscrew pattern was observed in 50 lesions (90.9%), a fine network pattern in three lesions (5.5%), and a loop pattern in two lesions (3.6%). Therefore, the main MV patterns were fine network or loop in differentiated-type EGCs and corkscrew in undifferentiated-type EGCs (p<0.001).
MS and MV patterns of EGCs according to the invasion depth
The main MS pattern was oval and/or tubular in mucosal cancers (67/110, 60.9%) and destructive in submucosal cancers (20/50, 40.0%) (p<0.001). There was no difference in the MV patterns between mucosal cancers and submucosal cancers (Fig. 4) .
In differentiated-type EGCs, a destructive MS pattern was observed more frequently in submucosal cancers than in mucosal cancers (42.9% and 10.0%, respectively, p<0.001) ( Table 3 , Fig. 5 ). In undifferentiated-type EGCs, a destructive MS pattern was also observed more frequently in submucosal cancers than in mucosal cancers, but this difference was not statistically significant (33.3% and 17.5%, respectively, p=0.173). There was no difference in MV patterns between mucosal cancers and submucosal cancers in either histologic type.
Association between mucin phenotype and MS and MV patterns
The most common MS pattern in all four mucin phenotypes was oval and/or tubular. There was no difference in MS patterns according to mucin phenotypes (p=0.287) ( Table 4) . MV patterns were significantly associated with mucin phenotypes (p=0.020). The most common MV patterns in G-type and I-type lesions were corkscrew (41/85, 48.2%) and fine network (17/28, 60.7%), respectively. GI-type lesions exhibited all MV patterns equally.
MS and MV patterns were also analyzed according to the expression of each mucin type (Table 5) . Lesions with a papillary or absent MS pattern (p=0.021) and a corkscrew MV pattern (p=0.002) expressed MUC5AC more frequently than did lesions with other patterns. Lesions with a papillary MS pattern (p=0.012) and a loop MV pattern (p=0.005) expressed MUC6 more frequently than did lesions with other patterns. There was no significant difference in MS patterns according to CD10 expression, but CD10 expression was increased in lesions with a fine network MV pattern compared to lesions with a loop or corkscrew MV pattern (p<0.001). There was no significant dif- Data are presented as number (%). 
DISCUSSION
In the present study, we classified EGCs on the basis of MS and MV patterns visualized via ME-NBI. We found that the patterns differed according to the histologic type and invasion depth of the tumor. An oval and/or tubular MS pattern and a loop or fine network MV pattern were associated with differentiated-type EGCs, an absent MS pattern and a corkscrew MV pattern with undifferentiated-type EGCs, and a destructive MS pattern with submucosal EGCs.
Several studies have reported the MS or MV patterns in different histologic types of EGCs. In an early report examining the MV architecture of differentiated-type adenocarcinoma via ME, the three main findings were disappearance of the regular subepithelial capillary network, a demarcation line, and an irregular MV pattern. 1 Similar to our findings, a study of MV patterns in depressed-type EGCs demonstrated that fine network and corkscrew patterns were common in differentiated-type and undifferentiated-type carcinomas, respectively. 4 However, in this study, many lesions had unclassified patterns. To provide classification, a subsequent study focusing on morphological changes in the surface glandular structure of cancerous tissue as well as MV patterns defined two new intralobular loop patterns (ILL-1 and ILL-2). 2 Although perhaps also present in underlying Data are presented as number (%). 
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undifferentiated-type carcinomas, the ILL-1 patterns predicted differentiated-type carcinomas, as did a fine reticular network; a corkscrew pattern predicted undifferentiated-type carcinomas in this study as in our study. Accurate assessment of submucosal invasion of EGCs is necessary for preoperative indication for ESD. Although the invasion depth of tumor has been evaluated using conventional endoscopy and endoscopic ultrasonography, the diagnostic yields of these approaches are still unsatisfactory. 23, 24 Since it is difficult to increase diagnostic accuracy using only a single modality, findings from different modalities may need to be evaluated in a complementary manner. ME has recently been shown to be effective for determining invasion depth using intrapapillary capillary loop classification of esophageal cancers 5, 6 and pit pattern classification of colon cancers. 25, 26 In a study applying the association between irregularly dilated vessels and the invasion depth of colorectal and esophageal cancers to gastric cancers, the presence of dilated vessels (3 times larger than irregular microvessels in the lesions) was indicative of submucosal cancer. 9 However, because this study defined the size of the dilated vessels relative to that of the surrounding irregular microvessels, it was very objective. According to the Kudo's classification of pit patterns determined via magnifying colonoscopy in colorectal cancers, nonstructural pit patterns (i.e., normal tubular pit patterns cannot be identified, termed type V N ) suggest that the cancer involves the submucosal layer. 25, 26 Similarly, a recent study associated nonstructural patterns in gastric cancers with undifferentiated-type histology or submucosal invasion of Data are presented as number (%). differentiated-type cancers. 20 In the present study, we divided nonstructural MS patterns into absent and destructive categories based on whether recognizable MS structures were present or not. In tumors with an absent MS pattern, definite MS structures are hardly seen and the area with an absent MS pattern is relatively well-demarcated. In tumors with a destructive MS pattern, MS structures are somewhat seen but are destructed with relatively poorly demarcated margins. We found that the absent MS pattern was mainly observed in undifferentiated-type carcinomas, most notably, signet ring cell carcinomas. The destructive MS pattern was associated with submucosal invasion, and this association was more prominent in differentiated-type than in undifferentiated-type. Therefore, if a destructive MS pattern is observed in EGCs, especially differentiated-type EGCs, endoscopic treatment should be selected very carefully, and the possibility of submucosal invasion should be recognized
The basis for the difference in MS and MV patterns in tumors with different histologic types and with different invasion depths required consideration. Histologically, differentiated-type carcinomas are usually accompanied by a proliferation of vessels within the neoplastic interstitial tissue, whereas undifferentiated-type carcinomas are characterized by the destruction of the normal mucosal vascular architecture by infiltrating cancer cells in the absence of proliferation in the interstitial tissue. 27, 28 These differences presumably contribute to differences in MS and MV patterns; differentiated-type carcinomas display abundant vascular patterns (fine network and loop MV patterns) with maintenance of gland structures (an oval and/or tubular MS pattern), whereas undifferentiated-type carcinomas typically display poor vascular pattern (a corkscrew MV pattern). The absent MS pattern in undifferentiated-type carcinomas could result not only from erosion but also from neoplastic cell infiltration destroying the glandular architecture. 29 In regard to invasion depth, the deeply invasive portion of differentiated-type carcinomas tends to be less differentiated than the surrounding areas and to exhibit desmoplastic reactions, and the glandular portion of the tumor is less dense. These characteristics may account for the predominance of the destructive MS pattern in submucosal differentiated-type carcinomas. Despite several studies, 12, 16, 30, 31 the association of MS and MV patterns with mucin phenotypes has not been fully described. Our study showed that MV (but not MS) patterns varied according to mucin phenotypes. Fine network and corkscrew MV patterns were significantly associated with I-type and Gtype, respectively. When MV patterns were analyzed only in the differentiated-type EGCs, the fine network pattern was predominant in I-type (70.8%), and the loop and fine network patterns were equally predominant in the G-type (42.0% and 40%, respectively) and GI-type (52.4% and 47.6%, respectively) (data not shown). These results are similar to those of a previous study that correlated intralobular loop and fine network patterns with G-type/GI-type and I-type, respectively. 19 We also found that expression of MUC5AC, MUC6, and CD10 was associated with corkscrew, loop, and fine network MV patterns, respectively. MUC5AC expression was also associated with absent or papillary MS patterns and MUC6 expression with a papillary MS pattern. These findings suggest that expression of specific mucins may account in part for differences in the morphology and vascularization of EGCs and differences in MS and MV patterns visualized via ME-NBI. Further studies are needed to further evaluate the clinical significance of mucin expression patterns predicted by ME-NBI in EGCs. Our study had some limitations. First, because we performed ME-NBI after gastric cancer was confirmed histologically via endoscopic biopsy, it is possible that MV and especially MS patterns were influenced by biopsy. Endoscopic biopsies often produce prominent mucosal defects with desmoplastic reactions, which could increase the frequency of the destructive MS pattern in mucosal cancers. Second, since gastric cancers are classified as differentiated-type or undifferentiated-type carcinomas on the basis of the predominant histologic type of the tumor, the MS and MV patterns observed in this study may not tell the corresponding histology exactly. Because we included a relatively large number of patients in our study and categorized patterns on the basis of the predominant pattern of the tumor, we could have overcome this limitation at least in part. Third, we could not exactly match each portion of the ME-NBI image to its corresponding portion in the histologic specimens, especially those specimens stained via immunohistochemistry. Prospective studies with one-to-one matching are needed to obtain histological evidence to support our results. Lastly, since the ME-NBI findings were interpreted by a single experienced endoscopist, inter-observer variation was not evaluated. Although ME-NBI findings are thought to be reliable according to recent reports, 2, 32, 33 inter-observer variability in the assessment of ME-NBI findings needs to be evaluated before clinical application.
In conclusion, ME-NBI in EGCs shows distinct differences in MS and MV patterns according to the histologic type and invasion depth of tumor. In addition, MS and MV patterns are associated with mucin phenotypes. Therefore, ME-NBI can be useful for predicting the histopathology and mucin phenotype in EGCs. Further well-designed prospective studies will be needed to verify the clinical significance of ME-NBI findings in EGCs.
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